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Introduction
Contamination of the environment by heavy metals is a major concern because of their toxicity and threat to human life and the environment (1) (2) (3) (4) . Cement factories have been reported as a major source of heavy metals emission into the environment with several reports showing higher concentrations of heavy metals in the vicinity of cement factories (5) (6) (7) (8) (9) . Contamination of the environment with many pollutants is one of the most significant problems in this century. Some metals such as Zn, Ni, and Fe are essential for metabolism in trace amounts. However, other nonessentials, such as As and Hg, have no biological role and are potentially toxic to living systems and they can be carried through soil-plant-animalhuman cycles (10) (11) (12) . Generally, if the concentration of heavy metals in the soil increases, the * amount available for the plants also increases (13) . Some factors of importance in the determination of the amount of heavy metals uptake by plants include the chemical form of the element, heavy metal concentration, soil pH, and plant species (14) .
The maximum amount of heavy metals are released into the soil via the use of sewage sludge in agricultural soils and human industrial activities such as paint, cement, rubber, soil phosphate fertilizer, fuel, and metal smelting industries (15) . Kabata and Pendias believe that a very small amount of heavy metals are absorbed from the soil by most crops (16) . The uptake of heavy metals from polluted lands by plants, and especially agricultural products, is the most important issues in the food chain (16, 17) . A study conducted in Turkey showed that the concentration of Cr was higher in plants, soil, and blood of humans in areas surrounding the cement plant than others, showing the toxic effects of Cr (18) . Thus, the aim of this study was to determine the concentrations of toxic metals of Cr and Cd in the soil and the barberry plant farms around Qayen Cement Company, South Khorasan Province, Iran. Figure  1 shows the study area and the location of sampling stations. (20) at 70-80 ºC on a hot plate. After digestion, the samples were placed in ambient air to cool. The samples were filtered using Whatman filter paper 0.45 µm and placed inside the box (19) . Soil analysis: Soil samples were prepared by air-drying, and then, passing samples through a 63 μm mesh (equivalent to a No. 230 sieve, ASTM E-11). About 0.5 g of the sample was placed in a beaker containing 5 ml of 3:1 HNO3 to HCl and covered with a watch glass. Subsequently, samples were heated until most of the liquid had evaporated, and allowed to cool before 3 ml of HClO 4 was added. The covers were replaced and the samples heated again until evaporation of most of the liquid. Finally, samples were cooled to room temperature before being filtered (20) . Transfer factor: The transfer factor (TF) is the motion of a heavy metal from the leaves to the fruit, which was assessed using the subsequent formula (21):
Material and Methods
A TF of less than 1 indicates that the metals are stored in the roots of the plant, and TF of higher than 1 shows translocation of metals to the shoots of the plant. Statistical analysis: All the data were statistically analyzed using Excel and SPSS software (version 16, SPSS Inc., Chicago, IL, USA). Results were analyzed using descriptive and analytical statistics by box plot, and the Pearson coefficient was used to determine correlations between data.
Results
Descriptive statistics of total metal contents of the soil and plant samples are presented in tables 1 and 2. The presented results show that the highest mean concentration of Cr and also the maximum amount of Cr (95.10 mg/kg) was in the depth of 0-30 cm. In addition, the highest mean concentration of Cd and maximum amount of this metal (1.32 mg/kg) was at the depth of 0-30. Typically, the concentration range of Cd is 7-0.01 mg/kg and its limit of toxicity in the soil has been reported as 3 mg/kg (22) . The results showed that with increasing of depth of soil, the concentration of Cd decreased, indicating nonleaching of Cd in the soil layer. The leaching of heavy metals was not possible in sub-soil layers due to presence of more than 40% limestone (CaCO 3 ) and alkalinity of soil. The maximum concentration of Cd in the depth of 30-60 cm was 1.27 that is less than the surface layer of the soil. In the presented study, the transfer factor of Cr and Cd was measured at 4 stations. The results showed that the metals are stored in the fruit of barberry and the highest transfer factor was observed at the first station (Table 3) . 
Discussion
Cd has been reported to be released into the environment a result of raw material used in cement production (23) , but generally at low concentrations (6) . In a previous study, the emission of heavy metals into the soil samples from the area surrounding the cement plant in the South of Jordan was demonstrated. The results showed that the mean concentration of Cr and Cd in 0-10 cm was 22.18 and 5 mg/kg, and at a depth of 10-20 cm was 6 and 2.18 mg/kg, respectively (24) . Moreover, a research surveyed the pollution of soils by heavy metals in the area surrounding a cement plant and showed that the mean concentration of Cr and Cd was 83.2 and 0.9 mg/kg, respectively (24) . The amount of Cd in barberry fruit and leaf was higher than Cr. In addition, the accumulation of In the present study, the lowest rate of absorption and accumulation of heavy metals belonged to Cd and the highest to Cr. Thus, the trend of the concentration change was relatively normal and predictable. The concentration of unhealthy elements such as Cd is generally lower in the environment, while the concentration of Cr is pronounced in the Earth's crust and it enters the environment and its concentration is increased through mining and cement production at different levels. The average concentrations of Cr and Cd were higher in the depths of 0-10 cm than 10-20 cm (26) . The concentrations of Zn, Cr, and Pb were 132, 57, and 32 mg/kg, respectively, in soil samples collected from the area surrounding a cement plant (9) . The reported concentrations are relatively high (9) . Mosavi at al., by calculating the correlation coefficient, showed that a significant correlation exists between heavy metals in all the sampling points, such as the Cr-Ni, Cu-Ni, Zn-Co, Cd-Cu, and Ni-Co correlations (27). In the present study, a significant negative correlation (P = 0.05) (r = 0.383) was found between Cr and Cd in the soil samples from the area surrounding the mega cement plant by studying the correlation between different metals. Furthermore, the presence of Cd in the soil to some extent can the emissions from cement production and a significant correlation with Pb and Cu (28) . The results of a study on heavy metal pollution in soil and plants in the vicinity of the cement plant in Volta Region, Ghana, showed a positive correlation between soil and plant samples (excluding Zn and Ni) through analysis of heavy metals in soil and plants. However, in the present study, a negative correlation was observed between the soil and plant samples (29) .
Conclusion
The results obtained in this study illustrate that the concentration of Cd and Cr in barberry fruit of was higher than barberry leaves and their concentration was higher in 0-30 cm. Transfer factor for all stations was less than one. The concentration of Cd and Cr in the barberry plant was higher than standard levels, but their concentration in the soil was in the standard range. Thus, heavy metal pollution caused by Qayen Cement Company has the greatest impact on plants of the region, and since the barberry plant is a strategic product, necessary measures should be taken to reduce this pollution. 
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